Polycrystalline Sr 1-x Nd x FeAsF samples at various Nd-doping levels were prepared using both stoichiometric mixture of the starting materials and in slight excess amount of FeAs in this study. 
Introduction
The discovery of superconductivity in iron-based compounds in early 2008 has generated a huge amount of research efforts in this field [1] . To date, up to five types of iron-based superconductors have been unveiled [2, 3] /8] . In this paper, we report on the realization of superconductivity in Nd-doped SrFeAsF with a transition temperature of just above 54 K. We also discovered on a unique way to vary the concentration of Nd in this quaternary system by adding fixed excess amount of FeAs which acts like a "solvent" in assisting the doping of Nd into the [SrF] + layers.
Experimental
Polycrystalline Sr 1-x Nd x FeAsF samples were prepared by way of solid state reaction using SrF 2 , SrAs, NdAs, As and Fe as the starting materials. SrAs was pre-synthesized by reacting Sr metal pieces and As powder under low vacuum sealed inside a quartz tube at 600 °C for 10 h. NdAs was prepared in a similar way but at a higher temperature of 900 °C for 15 h. Two methods were employed to prepare the Sr 1-x Nd x FeAsF samples -type I uses a "1:1:1:1" stoichiometric mixture of the starting materials, and type II uses a slight excess amount of FeAs according to the formula (Sr 1-x Nd x F) 20-2y (FeAs) 20+y , where y = 2.5 and 5 were used. This is equivalent to the addition of 0.75 and 1.5 moles of FeAs, respectively, into the unit formula {Sr 1-x Nd x FeAsF}. We found that superconducting samples are more readily prepared using type II method, while that of type I requires at least four-times repeated heating, grinding and pelletizing before evidence of superconductivity is observed. All samples were prepared by first heating the thoroughly ground mixed powder of the starting materials placed in sealed quartz tubes containing partially reduced argon gas at a rate of 50°C/h to 1000 °C for 24 h. The sintered products were then reground, pressed into a pellet and heated at 1000 °C for 20
to 30 h again under reduced argon gas atmosphere enclosed in a quartz tube -this last step was repeated for at least three times. During sample preparation following type II method, excess FeAs happened to leach out from the pellets after every sintering step.
These FeAs granules, formed on the surface, were removed before the pellet was reground. Moreover, using this method and fixing the nominal value x, in some cases we were able to vary the actual amount of Nd doped into SrFeAsF, which deviate from the nominal value by altering 'y' in the formula (Sr 1-x Nd x F) 20-2y (FeAs) 20+y . The crystal structure of the resulting samples was characterized by powder x-ray diffraction (XRD)
using Cu Kα radiation. The concentration of Nd incorporated into the quaternary compound was determined by energy-dispersive x-ray spectroscopy (EDS).
Susceptibility was measured in a Quantum Design (QD)-SQUID magnetometer, while the field dependent resistivity was carried out in a QD-PPMS with magnetic field up to 5 T, and temperatures down to 4 K. This is clearly manifested in the tetragonal unit cell volume, which also increases slightly to above 145 Å 3 at x > 0.4, compared with SrFeAsF with a cell volume of 143
Results and discussion
We are unsure at this point why these parameters do not decrease as in the case of rare-earth substituted SrFeAsF and CaFeAsF compounds [7] [8] [9] , since Nd 3+ (0.995 Å)
has a smaller ionic radius compared to Sr 2+ (1.12 Å) [11] . However, the change in value of these parameters in the present system is small, and the important point to stress here is the doping level at which this deviation occurs is actually correlated to the emergence of superconductivity as presented below.
The temperature dependent resistivity (R-T) for a series of Sr 1-x Nd x FeAsF samples measured using a standard four-probe dc method is shown in Fig. 2a . The displayed Nd compositions are averaged values obtained from EDS [12] . The resistivity traces of x = 0.06 and 0.23 decrease more rapidly below 175 K as the samples are cooled down. This is attributed to the magneto-structural transition due to the spin-density wave (SDW) instability which is also seen in all non-doped and low-doping SrFeAsF (not shown here) samples [4, 7, 9] . At the low temperature end, around 9 K, another transition (T N ) is observed, which is most likely originating from the magnetic ordering of Nd ions observable in all our temperature dependent magnetization measurements (M-T).
Doping Nd x = 0.36 into SrFeAsF is sufficient to completely suppress the SDW anomaly at 175 K but no evidence of superconductivity is observed. This is quite surprising as under investigation, there is strong evidence to indicate it is also a competing factor to the already established competition between SDW and superconductivity. In the nonlanthanum rare-earth oxypnictides and EuFe 2 As 2 superconductors, there exists similar low temperature antiferromagnetic transition of the rare-earth ions, which is suppressed into a short-range magnetic ordering, however, not completely destroyed upon doping [13, 14] . Here we propose a similar scenario is occurring in Sr 1-x Nd x FeAsF. The results from the resistivity study are summarized in the doping phase diagram in Fig. 2b .
All the superconducting transitions are supported by M-T measurements where both
Meissner effect and magnetic screening are observed in the respective field-cooled and zero-field-cooled curves. which is comparable to those measured in the 1111-iron oxypnictides [16] [17] [18] . This again confirms the striking similarity between the rare-earth-doped 1111-fluoroarsenides and their oxypnictide counterparts in terms of maximum T c , J c values,
and one would expect a similarly high H c2 and low anisotropy to follow suit. The upper critical field in both the above samples is determined from the temperature dependent resistivity under different magnetic fields (Fig. 4) . Taking 
